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I. INTRODUCTION
The problem of estimating the parameters of superimposed dampedlundamped sinusoids in the presence of white noise arises in many practical applications. Further, in practice, we have to attempt this problem with a small number of data samples and possibly at low signal-to-noise ratio (SNR). Several methods based on linear and nonlinear least squares formulations have been recently proposed for the above problem. Notable among these are modified forward-backwardlbackward linear prediction (MFBLPlMBLP) methods [I] , [2] , total least squares (TLS) method [3] , iterative quadratic maximum likelihood (IQML) algorithm [4] , and alternating projection (AP) algorithm [5] . Here, we present a Newtonbased AP algorithm and compare its performance with that of [ 
11-
The observed finite data, composed of uniformly spaced sam-
ples, satisfies a signal model
with z, = e(a'+JW'), where M denotes the number of signals (damped if CY, < 0 and undamped if CY, = O), s, , a i , and wi are the complex amplitude, damping factor, and frequency (normalized) of the ith signal, respectively. {U(.)} is a zero mean, complex valued white noise process with independent real and imaginary parts, each having a variance a 2 / 2 .
The data given by (1) can be represented in a vector form as 
with the constraint (z, 1 5 1 for all i. Here, I/. 11 denotes 2-norm.
The AP algorithm of Ziskind and Wax [5] 
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gular frequencies, and complex amplitudes can be obtained from
Once we have the estimates {?,}E the damping factors, an-
NEWTON-RAPHSON SEARCH ALGORITHM
To speed up the convergence of the AP algorithm,, we develop Newton-Raphson search technique for performing the maximization in ( 4 ) . Consider the objective function
with Ql(m, n) and Q2(m, n) denoting the (m, n)th elements of Q, and Q2, respectively. The Newton-Raphson iteration for seeking the maximum of ( 4 ) is then given by , and the MFBLP and TLS methods for a predictor order 18. We should point out here that we simulated all the algorithms using the same 50 data realizations. The MSE values corresponding to the CramCr-Rao (CR) bound were evaluated and overlaid in the same figure.
The plots in Fig. 1 show that the AP algorithm yields the lowest threshold SNR; 3 dB less than that of IQML and 6 dB less than that of MFBLP and TLS in the case of the estimate off,(0.5), while the corresponding values are 1 and 7 dB in the case of the other frequency. Away from the threshold SNR, the performance of the AP and IQML methods is nearly same and is close to the CR bound, while that of MFBLP and TLS. methods is poorer by 1 to 2 dB. Note that the TLS and MFBLP perform similarly, which is consistent with the results given in [3] . The The values of MSE in the frequency and damping factor estimates, evaluated from 50 Monte Carlo runs, are plotted in Fig. 2 . In the same figure, we also plotted the respective MSE values obtained with IQML and MBLP and TLS methods for a predictor order 18. As in Example 1, we simulated all the algorithms using the same data realizations. The corresponding MSE values of CR bound are overlaid in the same figure. We may point out here that the TLS method was applied to the set of backward linear prediction equations.
We note from Fig. 2 that for both the frequency estimates, the threshold SNR of AP method is same as that of TLS but is 1 dB lower than that of IQML and MBLP. Away from the threshold SNR, the estimation accuracy of all the methods is nearly same and is close to CR bound. In the case of the estimate corresponding to lower damping factor, the performance of the AP and IQML methods is better than that of MBLP and TLS, while the TLS performed better than the others in the case of the higher damping factor.
In this correspondence, we presented a Newton-based AP algorithm of Ziskind and Wax [5] and compared its performance with that of MFBLP (or MBLP), TLS, and IQML methods using computer simulations.
